SIMULATION OF OVERLAND AND GROUNDWATER FLOW
IN THE EVERGLADES NATIONAL PARK

A. M. Wasanthd.al, Mark BelnapandRandyVanZee
LeadEngineerSeniorCivil EngineerandSupervisingProfessionalHydrologic
System3aVlodeling Division, SouthFlorida WaterManagemenbistrict.

ABSTRACT
A weightedimplicit finite volume modelis developedto simulateboth overlandand
groundwvaterflow in the EvergladesNationalPark (ENP). The modelusestrianglesto
discretizethe area,andan externalsparsdinear equationsolver to carry out the final
computations. The methodis implicit, andis stableundera wide rangeof triangle
sizes,andawide rangeof time steps.

Thecodeis writtenin C++ usingobjectorientedmethods |t will eventuallybepart
of a SouthFlorida Regional SimulationModel (SFRSM).The paperincludessome
early resultsfrom the applicationof the modelto the ENRP. Resultsshaws that the
waterlevels simulatedby the modelat a numberof selectedocationsagreewith the
obsereddata.

INTRODUCTION
Reagionalsimulationmodelsplay akey rolein theplanningmanagemerdndoperation
of the complex hydrologicsystemin SouthFlorida. At presentSouthFlorida Water
ManagemenModel (SFWMM) is the only availabletool for regional analysisof the
hydrologyof SouthFlorida. The Hydrologic SimulationEngine(HSE) wasdeveloped
to provide more flexible and detailedanalysiswithin the SFRSM.A numberof test
casesusedto verify the numericalaccurag of the modelarepresentedn the paperby
Lal (1998).

A weightedimplicit finite volume methodis usedin the HSE modelto solve the
diffusiontype overlandflow andgroundwaterflow equations.The modeldomainis
discretizedusingtriangularcellswhosewalls controltheflow ratesinto thecellsbased
ontheManningsequatiorfor overlandflow andtheDarcy’sequatiorfor groundwater
flow. Governingequationsaresolvedsimultaneouslyisinganhigh performancexter-
nal sparsesolver. Resultsof a preliminaryapplicationof the modelto the Everglades
National Park (ENP) shov a good comparisorbetweenmodelresultsand obsened
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data.

GOVERNING EQUATIONS
St. Venatequationgyivesthefollowing equationfor massbalanceof overlandflow.
oh od(hu) d(hv
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in which u andv arethe velocitiesin the x andy directions;h = waterdepth;S= sum-
mationof sourceandsinktermsincludingrainfall, infiltration, andevapotranspiration.
Oncetheinertiatermsarengglected HromadkaandLai (1985),andLal (1998)shaved
thatthe momentumequationcanbewritten in thefollowing form.
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in which, K canbe computedor overlandflow usinga generaform of the Manning
equationv = 1 h'S} (KadlecandKnight, 1966)as

nihv+13§—1 for A>1 and |S|> & 3
b

K
K = Ko for A<1 and |S| <8 (4)

S, is computedas (%—?)Z—I— %—g)z. Ko = 0 hasbeenusedby Hromadka(1985)and

Ko = h¥t1/(nydl ) L2/T hasbeenusedoy Lal (1998)with 8s~ 1071°—105. h=0
for dry cells. For groundwaterflow, K = transmissiity; S = storagecoeficientwhen
thewaterlevelis belov ground;S. = 1 atall othertimes.

THE IMPLICIT FINITE VOLUME METHOD
Usinga finite volumeformulation,the massbalanceconditionof 2-D cellsdescribing
overlandandgroundwvaterflow canbegivenby
dH

AA-E:Q(HH—S (5)
in whichH = [Hq,Ha,...Hn. .. an]T is a vector containingthe averageheadsin all
the cells; AA = a diagonalmatrix whoseelementAA (m, m) is equalto the cell area
AAn in thecaseof acell m; Q andS arethe netinflows andsourcetermsto cells. The
netinflow rateto acell mis givenby

ns

Qm(H) = 3 (F-n): Al; (6)

r=1

Al = lengthof thesider of thetriangle;n = unit outward normalfor facer. Cordes
andPutti (1996)andLal (1998)shovedthatQm(H) canbe computedusing

Hm—Hn
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in which Adm, = distancebetweercircumcentersf trianglesm andn; Hy, Hp arethe
headsat the circumcenters K; = K + Kq in which K for overlandflow is computed
using(3) or (4). Kg = groundwatertransmisstity. S, is computedusing

3. H.)\2 _ 2

In the semi-implicitformulationthe computatiorof flow from cell n to minvolvesthe
modificationof thefollowing matrix elementasit receveswaterin cell m;

KrAly KrAly
M Mmm—
Admn ’ mm - mm Admn

Mmn — Mmn+ 9)

ElementsMl, m, M n aremodifiedsimilarly dueto waterlossesrom the donorcell n.
Equation(9) canbe usedwith a time weightingfactora to formulatethe following
systemof equationsvhich become®xplicit andimplicit for a = 0 and1 (Lal, 1998).

[AA — aAM™1.AH = AL M".H" + At(1— a)[M" =M™ H" 4 At[aS™ + (1-a)S  (10)

Here, Q" = M™.H". The solutionmH is usedto updatethe headsusing H"*! =
H"+mH.

USEOF THE OBJECTORIENTEDCODEDESIGN

The C++ languagewas usedin the developmentof the model, mainly to build
flexibility, so that the model could adaptand evolve without drastic modifications.
While this flexibility wasthoughtto be necessargfterthe modelwasfully developed
andthroughouits usefullife, theadvantage®f theobject-orientedpproacthave been
seenevenin theearliestdevelopmentistages.

The physicaldomainis ideally suitedto be implementedas objects. Different
classedescribeElements Nodes,and Walls. Eachof theseobjectsrepresent dis-
tinct area,location, or boundary respectrely. The interconnectiondetweenthese
objectsrepresentidjacenciesn physical,ratherthanconceptualjocation. Eachob-
ject containsattributesthat help it perform a physicalbasedfunction—Elementsre
placesto storewater Walls arethe meansof watertransfer and Nodesare location
and connectwity placeholders.Figure 1 shavs a classdiagramandthe correspond-
ing representatiof an examplephysicalsystem. The large numberof connections
betweerpobjectsallows fast,directaccesgo informationstoredin nearbyobjects.

Becausehe transferof waterbetweenElementsis throughWalls, the Wall class
hastheresponsibilityof computinghow muchflow occurs.To dothisit usesavariety
of userselectablemethodsthat model overlandand groundvater flow. A linearized
coeficientis producedby eachof thesemethodsandinsertednto AA. Thefinal value
storedin AA is acombinationof all theflow methodsandindicateshetotal amountof
watertransferrecbetweerElements.
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Figurel: Objectdiagramandits relationshipto the modeldomain.
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Figure2: (a) The modellocation. (b) A finite volume meshdiscretization.(c) Land
surfaceelevation;contourinterval of 0.25m. (d) Vectorflow field.
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APPLICATION TO THE EVERGLADESNATIONAL PARK

EvergladesNationalPark (ENP)is thelargestremainingsub-tropicalwildernessn
thecontinentalUnited States.Thisis aflat landscapevhichwasoncea120mile long,
50 mile wide "river of grass”. The ENP areashown in Figure 2 is discretizedusing
1134triangles,andis subjectedo externalflow boundaryconditionsalongthe North-
ern and the Easternboundaries. Boundaryinflow/dischagesare obtainedfrom the
SFWMM simulations.Thedownstreanmboundaryis assumedo be afree-flov bound-
aryacrossvhichwateris releasedo theocearbasednaconstanheadassumptionA
onedaytime stepwasusedin thesimulationfor whichthedaily rainfall anddischage
datawasalsoprovidedat 1 dayintervals. The modelwascalibratedusinga conjugate
gradientmethod(Lal, 1995),duringwhich local crop coeficientsin the evapotranspi-
ratonequationsandthemanningsroughnessoeficientswereadjustedo reflectlocal
waterlevel variationsmoreaccuratelyin the output.

RESULTS AND DISCUSSION

o>»mI

am-mg z-

NP-34
0.5 e, Calculated
Observed
1.0 T T T T T T T T T
JAN Ju JAN Ju JAN Ju JAN Ju JAN Ju JAN
1991 ! 1992 ! 1993 ! 1994 ! 1995 !

1.0

o.8

o. 6

o. a4

o»mI

o. 2

O. O

am-—mg z-

'
-0. 2 M ‘1
L SWEVER4
\
-o.a -
_____ Calculated
-0. 6 "
Observed
-o.8 T T T T T T T T T
Ju JAN Ju JAN Ju JAN JuL JAN JUuL JAN
1991 ! 1992 ! 1993 ! 1994 ! 1995 !

Figure3: A comparisorof resultsatgagedNP-34andSWEVER-4.

The model output consistof the averagewater levels in the cells and the water
velocitiesof overlandflow and groundwater flow components.Figure 2c and 2d
shawv a contourplot of landsurfaceelevations,anda vectorplot shaving theflow field
during a typical wet seasorday in August, 1991. Thesefiguresshowv detailedflow
patterngreviously not seenwith modelsthatuselower resolutions.
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Figure3aand 3b shov a comparisorof obsened and simulatedwater levels at
two waterlevel at two differentregionsof the modeldomain. The figuresshaw that
themodeloutputfollowsthe obsenedvaluesbetternearcenterof theundisturbedat-
ural areaghanin areascloserto urbaninfluence.
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